checked by isotope dilution using 1311I-labelled albumin, measured by the Volumetron. Post-operative haemorrhage has not been a common occurrence, but an increase in the vascular space due to rewarming after a fall in total body temperature during operation has been encountered, and may require transfusion to correct the fall in pressure.
2. Acid-base status Blood gas analysis was carried out routinely to determine CO2 tension and blood pH. The oxygen tension in arterial blood was not always measured unless specific indications were present. Oxygen was administered by nasal catheter and in most cases this maintained a Po2 of around 100 mmHg when check estimations were performed. Adequate oxygen tension is particularly important in Group 3 admissions to the Unit, since, as Nunn & Payne (1962) point out, hypoxaemia is common after surgery and is accentuated by pre-existing respiratory disease. Indeed, in the latter group physiological pulmonary shunts increase during surgery (Hobsley, 1963) (Galletti & Brecher, 1962) , help to induce a state of metabolic acidosis. It is unusual for pH change to persist, however, in the presence of good perfusion after vascular surgery (Johnstone, Lawson & Mucklow, 1965) . If significant hypotension occurs, as for example during cardiac arrest, profound acid base changes occur and 84 % bicarbonate is given immediately to provide 100 mEq. Acid-base figures are determined and the calculated base deficit corrected.
Metabolic alkalosis has been encountered on several occasions. It has been demonstrated following cardio-pulmonary bypass (Gerbode, Osborn & Johnstone, 1960; Raison, 1965) . Its aetiology is uncertain, but transfusion of large volumes of ACD blood may be a factor, particularly if sodium retention is present (Litwin et al., 1958) . Significant reduction in serum potassium levels has not been associated with this change, but increased urinary excretion of fixed acid has been noted (Fig. 1) . CO2 -. (Artuson, Granath & Thoren, 1964) , and urine specific gravity may rise above 1050. Urine osmolality is helpful when urgent information is required and analysis of the 24-hr volume will give specific information about total nitrogen excretion and urinary urea so that an approximate concentration ratio for the kidney can be determined by comparing urine and serum values. Urinary flow rates of 1 ml/min are minimal requirements and if very low values occur, i.e. 10 ml/hr or less, it is our practice to give 50 g mannitol over a 1-2 hr period to promote diuresis. This usually establishes the flow of urine, but if no response is obtained it is likely that oliguric renal failure has occurred. If mannitol infusions are given, increased secretion of sodium may occur, but in doses of 100 g/day this is not excessive and serum levels are not affected (Cheney, Rand & Lincoln, 1964 Care was taken to infuse carbohydrate with, or before, the amino acid solution to achieve maximal utilization, and minimum daily intakes of 2600 calories were achieved. Sodium intake was more than adequate due to the high content of this ion in the hydrolysate, and potassium supplements were supplied to cover the nitrogen administered and to replace measured losses. Full vitamin supplements were given. Overall nitrogen balance was improved in these cases and weight loss reduced to a minimum (Fig. 2) . Parenteral nutritional therapy has also been given in two cases admitted because of abdominal and thoracic trauma, requiring intensive treatment and assisted ventilation for many days. Three cases treated after emergency mesenteric vascular procedures also required prolonged therapy because of 'second look' operations and multiple resections. Variations from the basic nutritional regime have been employed for patients admitted after a portacaval shunt. In these cases amino-acid hydrolysate has been withheld to avoid administering the free ammonia which is present in the solution. Fat emulsions, although well tolerated in the cirrhotic patient (Lawson, 1965) , were not used because of transient rises in SGOT which have been demonstrated previously. The basic infusion in these patients was 10% or 20% fructose which provided a minimum calorie supply of 1200 calories/day.
Close attention to the biochemical parameters outlined previously contributes to the improved condition of patients nursed in an Intensive Care Unit after major surgery. When detailed nursing procedures and the better general nursing care that is given to such patients is considered in addition, it is not surprising that even after extensive operations a successful result is to be expected. Modern surgical practice demands a wider introduction of such Units.
Summary
Intensive nursing care and treatment is desirable during the post-operative phase of some types of general surgery. The indications for admission of such cases to the Intensive Care Unit are:
(1) Elective admission following surgery of an extensive or prolonged nature performed on healthy patients.
(2) Elective admission, after surgery of a less complicated variety than Class (1) but performed on poor risk patients.
(3) Emergency admission principally required when cardiac or respiratory insufficiency develops unexpectedly during or after surgery.
The requirements of patients admitted to such Units varies from close observation to full intensive treatment. Equipment for automatic monitoring and recording of vital signs is desirable but not essential, but a detailed record of all changes occurring in the patient and treatment given should be kept by the nursing staff. Facilities for collection and analysis of aspirates, drainage and urine must be available. Blood gas analysis is particularly important and apparatus for such determinations is preferably located within the Unit.
Provision must be made for mechanical ventilation-both therapeutic and prophylactic-and the staff should be fully conversant with one principal ventilator.
Four parameters of body function are considered to be of prime importance: (1) tissue perfusion, (2) acid-base status, (3) renal function, and (4) nutrition.
The results of close attention to such factors is discussed.
Discussion to the paper by L. J. Lawson BROOKS. Studies such as those carried out by Dr Lawson are long overdue in this country. There are, however, aspects upon which I would like to comment.
In the field of acid-base balance a number of anomalies may be present. For example, porta-caval anastomosis may produce a number of metabolic disorders which include hyponatraemia, hyper-or hypo-kalaemia, intolerance to a high oral protein intake which precipitates hepatic coma even in the absence of pre-operative hepatic dysfunction, and metabolic acidosis (Hubbard, 1958) . The fall in bicarbonate ion concentration in most cases of porta-caval anastomosis is of much greater significance because patients with cirrhosis of the liver usually have a raised plasma bicarbonate concentration. They also have low Pco2 because of increased alveolar ventilation, and the blood pH is therefore high (Brooks, 1967) . When liver damage is very severe, e.g. if liver necrosis develops, a marked metabolic acidosis is observed which does not respond to infusion of sodium bicarbonate.
The metabolic changes that occurred during replacement of the abdominal aorta as shown on Dr Lawson's slide, are very similar to those found in that type of case by myself. It is quite true that if the aorta is clamped for only half an hour during an elective procedure, for example for claudication where anastomotic vessels have already developed only a moderate degree of metabolic acidosis is found together with a small rise in blood lactate and blood pyruvate.
If, however, the aorta is replaced during an emergency operation for a leaking abdominal aneurysm and the aorta is clamped for long periods, e.g. 3 hr or more, then a marked metabolic acidosis develops and this is associated with hypotension that does not respond to blood transfusion (Brooks & Feldman, 1962; Knight, 1963) . Correction of the metabolic acidosis by infusion of sodium bicarbonate solution results in a dramatic rise in blood pressure in a similar manner to that reported yesterday (McConn, Fig. A8, p. 224) .
Post-operatively a metabolic alkalosis frequently develops and this is thought by Moore (1959) to be due to the citrate infused with stored blood. However, an increase in the plasma bicarbonate ion concentration can also be observed following blood transfusion. It is also of interest to note that following major vascular and cardiac surgery the blood lactate and pyruvate may be raised even in the presence of a metabolic alkalosis.
Acute renal failure is a relatively rare condition but post-operative oliguria is commonly seen. Oliguria very rarely develops into acute renal failure and I am not convinced that mannitol is at all effective in preventing the onset of acute renal failure. Sometimes mannitol will produce a diuresis for very brief periods before acute renal failure is fully developed and is then later completely ineffective. The mechanism of this is too involved to discuss at this moment but it is possible that in these circumstances mannitol is filtered through glomeruli that lie near the surface of the kidney from which loops of Henle arise which are confined to the cortex, never entering the medulla and therefore the concentrating areas.
It is correct to stress the importance of parenteral nutrition in some cases. We too have been able to obtain a positive nitrogen balance in post-operative patients by this means, using a synthetic amino acid preparation containing sorbitol.
